An extramitochondrial (cytosolic) acetylCoA hydrolase (CACH), which hydrolyzes acetyl-CoA to acetate and CoA, has been first detected in rat liver and kidney (5% of the activity in liver cytosol) (Prass et al., 1980) . The enzyme activity greatly increases in liver both in opposite metabolic states: in enhanced fatty acid oxidation and in heightened fatty acid synthesis (Matsunaga et al., 1985 
by 2-(p-chlorophenoxy)isobutyric acid , a hypolipidemic drug or peroxisome proliferator, which enhances rat liver mitochondrial and peroxisomal b-oxidation (Mannaerts et al., 1979) and increases cytosolic CoA level (Horie et al., 1986; Berge et al., 1983) . These findings suggested some specific role of the enzyme in fat metabolism of the tissue and its physiological role has been postulated to be to supply cytosolic free CoA for both fatty acid synthesis and oxidation (Matsunaga et al., 1985) .
The enzyme had escaped previous purification due to its extreme cold lability (Isohashi et al., 1983a; Suematsu et al., 1996) and a lack of activity in the absence of ATP (Söling & Rescher, 1985; Nakanishi et al., 1988) . We successfully purified this enzyme at room temperature (Ebisuno et al., 1989; Nakanishi et al., 1993) and demonstrated that at room temperature it is usually present as active forms: homodimer (135 kDa) and homotetramer (240 kDa) whose K m values for acetyl-CoA are 170 mM and 60 mM, respectively (Isohashi et al., 1983b) . But at 4°C, they dissociate into an inactive monomer (63 kDa) (Isohashi et al., 1984) . Our in vitro study further demonstrated that CACH is an allosteric enzyme regulated by ATP (activator) and ADP (inhibitor) (Isohashi et al., 1983a) , suggesting that it is presumably a key enzyme. It should be noted that ATP is not a substrate, and that its effect is due to allosteric interaction. The effect of ATP did not require the presence of Mg 2+ and the production of neither ADP nor inorganic phosphate was detected (Prass et al., 1980) . We cloned rat CACH in a previous study (Suematsu et al., 2001) , demonstrating that it is a novel thioesterase. Here we report molecular cloning and recombinant expression of a mouse homologue cDNA, as the second example after that of the rat. The cloning of the mouse enzyme allows genetic studies using mouse models such as gene-knockout and transgenic mice to determine the physiological functions of this enzyme.
MATERIALS AND METHODS
Acetyl-CoA was synthesized as described previously (Simon & Shemin, 1953) . All other chemicals and reagents used were of analytical grade, or better. Enzyme assay. Enzyme activity was routinely assayed at 25°C as previously described (Prass et al., 1980) . One unit of the enzyme is that required to hydrolyze 1 mmol of acetylCoA´min -1 under conditions of the assay.
Acetyl-CoA hydrolase activity was estimated by subtracting the nonenzymatic rate measured in 2 mM ADP, which inhibits the enzymatic activity, from that observed in 2 mM ATP. All determinations were carried out in triplicate. cDNA cloning from mouse liver cDNA library. A mouse liver cDNA library (1´10 7 independent clones, SuperScript cDNA library, Life Technologies, Inc., Tokyo, Japan) derived from mRNA from 8-week old, male C57BL/6J mice was used as a template to amplify mouse CACH cDNA. The target cDNA was amplified by PCR with Platinum Pfx DNA Polymerase (Life Technologies, Inc.), using synthesized oligonucleotide primer set of S1/A1 (Table 1) , and sequenced. The PCR product was subjected to an additional nested PCR step, using an anchor primer set of S2/A2 (Table 1) , whose 5¢-sites included additional restriction sites to facilitate subsequent cloning. The amplified cDNA was inserted into the SacI/BglII site of the baculovirus transfer vector pTriEx-4. The resulting recombinant transfer vector was designated pTriEx-4/cach (Fig. 1A) . The expressed recombinant protein will be a 6xHis-fusion protein. This feature allows affinity purification on Ni
2+
-charged resin, which may greatly simplify isolation of the His-tagged enzyme protein.
Bioinformatics. Nucleotide and protein sequence homology was searched with a computer using BLAST 2.0, and sequence alignments were made using the DiAlign computer algorithm (Genomatix Software GmbH, München, Germany).
Recombinant expression. The recombinant transfer vector pTriEx-4/cach (Fig. 1A) was cotransfected with BaculoGold viral DNA into monolayer Spodoptera frugiperda (Sf9) insect cells in an optimized TNM-FH Insect Medium according to the procedures provided with the expression system (BD PharMingen). The recombinant virus was amplified, isolated, partially sequenced and subsequently used to transform Sf9 cells for recombinant expression of the His-tagged enzyme protein (Fig. 1B) according to the manufacturer's instructions. To assess the recombinant expression, infected cells were pelleted, rinsed twice in phosphate-buffered saline (PBS) and then lysed in a minimal volume (1.4 mL for 2´10 7 cells) of buffer A containing 25 mM Tris/phosphate (pH 7.8), 2 mM dithiothreitol (DTT), 2 mM 1,2-diaminocyclohexane-N,N,N¢,N¢-tetraacetic acid, 10% glycerol and 1% Triton X-100. The cell lysate was clarified by centrifugation at 15000´g for 10 min at 25°C and then subjected to the enzyme assay.
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RESULTS
Characterization of the full-length CACH cDNA. As outlined in Fig. 2 The nucleotide and predicted amino-acid residues are numbered on the right from the first base of the ATG start codon (shown in bold face). The underlined nucleotide sequences correspond to the gene-specific primers used for sequencing (Table 1 ). The asterisk denotes the TAA stop codon. Sequence data have been submitted to DDBJ under the accession number AB078618.
1669-1671, shown with an asterisk). The first AUG should be the initiator (Fig. 2) because it agrees well with Kozak's rule (Kozak, 1987; 1991) . The cDNA encoded a protein of 556 amino-acid residues with calculated molecular mass of 61761 Da and its sequence was 93.5%
identical to that of the rat homologue (Table 2 , referred to as rCACH in Fig. 3 Percentage identities of nucleotide and amino-acid residues are shown. Amino-acid sequences were recovered from the DDBJ/EMBL/GenBank databases and aligned using the DiAlign algorithm (Genomatix Software GmbH, München, Germany). The amino-acid residues are numbered on the right. Identical amino acids conserved between at least two of the sequences are shown highlighted in bold face. The sequences compared are as follows: mCACH, mouse cytosolic acetyl-CoA hydrolase (this study, GenBank accession number AB078618); mcDNA, C57BL/6J mouse Mus musculus full-length cDNA to mRNA related to acyl-CoA thioester hydrolase family protein (AK004905); mEST1, Soares mouse NML Mus musculus EST clone (AI425375); mEST2, Stratagene mouse kidney (#937315) Mus musculus EST clone (AA066584); rCACH, rat cytosolic acetyl-CoA hydrolase (AB040609).
ing peroxisome, mitochondria and nucleus. The sequence is available from DDBJ/ EMBL/GenBank under the accession number AB078618. A partially deleted CACH cDNA was also isolated: it spanned 1586 bp, lacking 103 bp (positions 1420-1522) followed by a TAA termination codon, and contained a shorter ORF encoding only the N-terminal 473 amino-acid residues with calculated molecular mass of 52978 Da (data not shown). Homology search. Database searches revealed sequence similarity only to hypothetical proteins of unestablished function. A cDNA to mouse liver mRNA, related to an acyl-CoA thioester hydrolase family protein (GenBank accession number AK004905, referred to mcDNA in Fig. 3) , was found to encode the same protein (Table 2 ), although containing a single C-to-T transition at nucleotide position 418. Further, an expressed sequence tag (EST) clone (567 bp) derived from mouse liver (AI425375, referred to as mouse expressed sequence tag 1 in Table 2 and mEST1 in Fig. 3 ) corresponded to the mouse CACH cDNA at nucleotide positions 4-570 with a single C-to-G substitution at nucleotide position 56, causing a missense mutation A19G, suggesting an allele of CACH at 56G. Another EST clone (343 bp) derived from mouse kidney (AA066584, referred to as mouse expressed sequence tag 2 in Table 2 and mEST2 in Fig. 3 ) was identical to the mouse CACH cDNA at nucleotide positions 1086-1428, suggesting the presence of a CACH transcript in mouse kidney. On the other hand, no sequence similarity was observed with other known proteins, demonstrating that CACH is a novel type of thioesterase.
Expression of recombinant CACH in Sf9 insect cells. Infection of the Sf9 insect cells with the recombinant baculovirus containing the mouse full-length CACH cDNA (Fig. 1A ) resulted in functional expression of recombinant CACH protein. The acetyl-CoA hydrolyzing activity was detected as early as two days after infection in the lysate prepared from infected cells, and was maximal at four days post-infection at each multiplicity of infection (MOI) 1, 5 and 10 (Fig. 4) . The expressed enzyme activity was ATP-dependent and com- pletely inhibited by ADP (Fig. 5) like that of the rat CACH. Furthermore, it exhibited cold lability ( Fig. 6A ) and its cold-inactivation could be partially abolished through incubation at 37°C in the presence of 0.16 mM Triton X-100 (Fig. 6B) like that of the rat recombinant as well as native enzyme.
DISCUSSION
A cytosolic acetyl-CoA hydrolase (CACH) is involved in fatty acid metabolism in rat liver (Matsunaga et al., 1985) . The enzyme was induced by a single subcutaneous injection of a hypolipidemic drug about 6-fold in whole liver . Marked increase of the enzyme activity was also observed in the acute but not in the chronic stage of streptozotocin-induced diabetic rats . Insulin injection to the rats abolished this transient CACH induction , suggesting that the enzyme contributes to adaptation to the abnormal lipid metabolic state (excessive increase in b-oxidation (Horie et al., 1986) ), and a decrease in cholesterol biosynthesis (Lakshmanan et al., 1973) .
In this study, the nucleotide sequence of mouse CACH cDNA was determined for the first time (Fig. 2) . No targeting signals for organella were found in the sequence as well as in that of the rat homologue, suggesting cytoplasmic localization of the enzyme protein in rodent liver. This finding agrees well with our previous subcellular fractionation studies demonstrating that the rat liver acetyl-CoA hydrolase was exclusively located to the cytoplasm (Nakanishi et al., 1994) . The deduced amino-acid sequence was 93.5% identical to that of the rat homologue (Table 2) , and the encoded protein has a comparable calculated molecular mass to that of the rat enzyme (Suematsu et al., 2001) . The authenticity of the cDNA was confirmed by its functional expression. As predicted from the over 90% identity of the mouse and rat CACH primary structures (Table 2) , the recombinant mouse enzyme hydrolyzed acetyl-CoA in the presence of 2 mM ATP just as the recombinant rat enzyme did. Besides the requirement for ATP as activator, the expressed recombinant mouse CACH protein was inactivated by cold, and was also reactivated in the presence of Triton X-100 at 37°C like the rat enzyme (Suematsu et al., 2001) . Purification of the recombinant enzyme is required for further Vol. 49 Expression of mouse cytosolic acetyl-CoA hydrolase 943 A. Cell-lysates prepared from infected Sf9 cells were incubated at 4°C for indicated times. Small aliquots were taken for measurement of remaining activity at 25°C in the presence of 2 mM ATP. B. The cold inactivated sample was incubated at 37°C in the presence of 0.16 mM Triton X-100 for 30 min (shown in full line) and then at 25°C for 20 min (shown in broken line). Small aliquots were taken at times indicated for measurement of remaining activity at 25°C in the presence of 2 mM ATP.
characterization, work is underway in our laboratory. Our experimental findings that the features of CACH were common to the two rodent species, together with bioinformatics data revealing that CACH was a novel type of thioesterase showing no sequence similarity with yeast acetyl-CoA hydrolase (Lee et al., 1990) and only poor similarity with cytosolic peroxisome proliferator-induced acyl-CoA thioesterase (Hunt et al., 1999; Broustas et al., 1996) , suggest a conserved and specific role for this novel enzyme in the mammalian liver. Two variants of mouse CACH cDNA were reported in the present paper. One had a 103-base pair deletion in the ORF, causing a frameshift mutation, resulting in a shorter ORF encoding only N-terminal 473 aminoacid residues (see Results). Whether it encodes an active enzyme remains to be examined. The other, encoding the normal CACH protein, was found to be a single-nucleotide polymorphism (AK004905, see Table 2 ). Further, two EST clones were also reported. One was a mouse liver EST clone (AI425375), suggesting another SNP of the CACH gene with a missense mutation. The other was a mouse kidney EST clone (AA066584), suggesting transcription of the CACH gene in mouse kidney. Further studies are required to determine genetic polymorphism and tissue-specific transcription of CACH affecting the catalytic activity of the enzyme.
In conclusion, this paper for the first time describes the entire cDNA sequence of mouse cytosolic acetyl-CoA hydrolase and its overproduction, allowing future genetic studies on the physiological functions and physicochemical characters of this novel enzyme. Phenotypic analyses of mouse models such as gene-destruction and targeted overexpression of CACH will provide useful approaches to conclusively establish the significance of the enzyme.
